The thick and deep tastes of dairy products such as sweet cream and cheese are important factors, and they are expressed by the word Koku in Japan. To identify compounds that have an impact on Koku, sweet cream was fractionated using solvent-assisted flavor evaporation, solvent extraction, and chromatography and the resulting fractions were screened by performing sensory evaluation at each step. The Koku-containing fractions selected by sensory evaluation were analyzed by gas chromatography-mass spectroscopy, and 7 long-chain fatty acids (decanoic acid, dodecanoic acid, tetradecanoic acid, hexadecanoic acid, octadecanoic acid, oleic acid, and linoleic acid), 3 long-chain aliphatic delta-lactones (5-dodecanolide, 5-tetradecanolide, and 5-hexadecanolide), and cholesterol were identified as main components. Reconstitution experiments performed with these 11 compounds revealed that the long-chain fatty acids and long-chain aliphatic delta-lactones contribute to the Koku of sweet cream.
Introduction
The Japanese word Koku is often used to describe a thick, deep taste. This is a complicated term in which various concepts are blended together, and is conveniently used to describe the tastes of various foods. Yamaguchi presented the general understanding of Koku by extracting its common factors that explain the taste of various foods (Yamaguchi, 1997) . Subsequently, Yamaguchi proposed that Koku represents a combined sensation of mixed, multiple components rather than a strong, single component (Yamaguchi, 2002) . Kobayashi et al. revealed that the composite factors of Koku of sweet cream can be expressed by the association of two factors, namely, richness in milk-fat and texture and three terms, namely, thickness, aftertaste, and volume by the analysis of the elemental terms related to Koku using structural equation modeling (SEM), a multivariate analysis technique (Kobayashi et al., 2009) .
Sweet cream consists of many constituents such as lipids, proteins, sugars, and aroma components. The compounds that have an impact upon Koku in sweet cream have not been characterized. Recently, long-chain aliphatic lactones in sweet cream have been reported to act upon several oral senses, which involve perception of creaminess, mouth coating, and fatty mouthfeel at low concentrations (Schlutt et al., 2007) . However, the formation of lactones under the experimental conditions employed and the compounds, other than lactones, that contribute to creaminess has not been reported.
In this study, we focused on a lipid fraction of a sample of sweet cream on the basis of the report of Kobayashi et al. (Kobayashi et al., 2009) , and investigated Koku impact compounds in sweet cream using fractionation, sensory evaluation and instrumental analysis.
Materials and Methods
Materials The sample of sweet cream (47% fat content) was purchased at a domestic market and was stored at 4℃ until use. Refined palm oil was used after it was confirmed to be odorless by sensory evaluation and showed the absence of long chain aliphatic compounds in gas chromatography (GC) and GC-mass spectroscopy (GC-MS).
Fractionation of the sweet cream (1) by solvent-assisted flavor evaporation (SAFE)
In order to separate volatile from semi-volatile and non-volatile components in sweet cream, SAFE was used (Engel et al., 1999) . Over a period of 30 min, the cream (500 g) was dropped into the SAFE appawith the silica gel slurry (40 g, Wakogel C-200, Wako Pure Chemical Industries, Osaka, Japan) in n-pentane. A sequential elution was performed using n-pentane/diethyl ether (95:5, v/v; 200 mL), followed by n-pentane/diethyl ether Sensory evaluation (1) Assessor Thirteen assessors (10 men and 3 women) were recruited from the laboratory of Ogawa & Co., Ltd. Their age range was 28 -55 years. Their in-house training courses included more than 60 h of training on many aspects of sensory analysis, including recognition, description, and discrimination tests. The number of participants is described individually in each paragraph below because the number of assessors participating in each experiment differed.
(2) Sample preparation A control sample for comparative sensory evaluation was required. The use of sweet cream as a control sample is not appropriate because it essentially contains Koku components. It is known that food matrices impact the expression of taste and flavor. Considering the expression of Koku components, preparation of an emulsion was essential for a control sample. Additionally, a control sample with a simple formula was necessary so that subsequent experimental samples could be prepared based on the ratus (sample flask at 50℃, vacuum at less than 1 × 10 -4 Pa).
Subsequently, the apparatus was maintained for 30 min. The traps were cooled with liquid nitrogen. This operation was performed twice. The SAFE distillate ( Fig. 1 ) was stored at -20°C until use. The SAFE residue was used in a subsequent operation.
(2) Acetone extraction The SAFE residue was extracted twice with 300 ml of acetone. The resulting mixture was separated into two layers by centrifugation (3000 rpm for 5 min at 10℃). The lower layer was further extracted three times with 30 mL of acetone and separated into 2 layers. The upper acetone layers were pooled, filtered, and concentrated with a rotary evaporator (sample flask at 35℃, and vacuum at 280 mmHg).
The resulting milk fat fraction (Milk fat Fr.) was stored at -20℃ under a nitrogen atmosphere until use.
(3) Acetonitrile extraction The Milk fat Fr. was extracted with 300 mL of acetonitrile while stirring the solution over a 30-min period according to the extraction method of Alewijn et al. (Alewijn et al., 2003) . This operation was repeated three times. The upper layers obtained with separate funnels were filtered, and the solvent volume was reduced with a rotary evaporator (water bath at 40℃, and vacuum at 120 mmHg) and a subsequent high-vacuum transfer (10 min, approximately 1 mmHg). The acetonitrile extract and the acetonitrile insoluble part were stored at -20℃.
(4) Size exclusion chromatography A 3 g portion of the acetonitrile extract dissolved in acetone was placed onto the top of a 50 × 2.0 cm i.d. glass column filled with a slurry of dextran gel (160 mL, Sephadex LH-20, GE Healthcare BioScience, Little Chalfont, UK) in acetone. The size exclusion chromatography was carried out according to the method of Winkler et al. (Winkler et al., 1972) and was performed using acetone. The injected extract was separated into 45 parts of 3 mL each. Each part was monitored using GC and classified into the following two fractions. (I) The first fraction was designated as the Low mol. wt Fr. This fraction consisted of parts that contained several low molecular weight compounds (< Mw. 300). (II) The second fraction was designated as the High mol. wt Fr. It consisted of parts that did not contain the low molecular weight compounds. The Low mol. wt Fr. and the High mol. wt Fr. were filtered, and the solvent was removed with a rotary evaporator under the same conditions used for acetone extraction. Both fractions were stored as described above.
(5) Silica gel chromatography The silica gel column chromatography was performed according to a previously reported procedure for lipid separation (Fujino, 1978) . from -3 (none at all) to 3 (strong). The sample (approximately 1 mL) was dropped on the latter half of the tongue with a plastic syringe, briefly swirled in the mouth and evaluated. The evaluation was carried out under yellow light to prevent a color effect with respect to milk fat. In order to elucidate differences, Scheffé's paired comparison was used (Furukawa, 2001 ) and data analysis was performed using Microsoft Excel 2002. A difference of p < 0.05 was considered to be significant.
(4) Sensory evaluation of the Acetonitrile extract and the Acetonitrile insoluble part The samples for evaluation were prepared by emulsifying the compositions of Sample c and Sample d described in Table 1 . The evaluation conditions and data analysis were the same as described in section 3 except that fluorescent light was used.
(5) Sensory evaluation of the Low mol. wt Fr. and the High mol. wt Fr. The samples for evaluation were prepared by emulsifying the compositions of Sample e and Sample f in Table 1 . The evaluation conditions and data analysis were the same as described in section 4 except that 12 assessors participated.
(6) Sensory evaluation of fractions from silica gel chromatography Fractions from A to E were evaluated by emulsifying with the base sample. The amounts of added fractions per 50 g base sample were as follows: Fr. A, 26 mg; Fr. B, 4 mg; Fr. C, 6 mg; Fr. D, 7 mg; and Fr. E, 2 mg. Nine assessors were asked to rate the overall Koku intensity of the five samcontrol sample. For these reasons, the control sample was prepared by reconstitution of lipids, proteins, sugars and water. These components are major constituents of sweet cream. The component ratio refers to the ratio of sweet cream in "Standard Tables of Food Composition in Japan" (Resource Council, Science and Technology Agency, the Government of Japan. 2000, pp. 256-257, Item No. 13014) . The lipid used for the sample was a refined palm oil that has a similar composition to milk fat. The emulsification condition was at 18,000 rpm for 15 min with a homogenizer. This sample was designated as the base sample and its formula is shown in Table 1 . The amount of individual fraction added to the evaluation sample was calculated from the fraction weight, and was adjusted to represent the same amount as the original sweet cream. The method of preparing the samples for evaluation is described below.
(3) Sensory evaluation of the SAFE distillate and the Milk fat Fr. The samples for evaluation were prepared by emulsifying the compositions of Sample a and Sample b described in Table 1 . These two samples and the base sample were presented for sensory evaluation at room temperature in 50 mL glass beakers labeled with a three-digit random number. At the beginning of the evaluation, ten assessors were required to pinch their noses to suppress the aroma effect, to wash their mouths with oolong tea to reduce the influence of the previous sample during the evaluation interval, and to rate the difference of the overall intensity of Koku on a scale ples on a scale from 0 (none) to 6 (strong). ANOVA was used to elucidate the differences. Data analysis was performed using Microsoft Excel 2002 in accordance with the method of reference (Meilgaard et al., 1999) . The other evaluation conditions were the same as the conditions described in section 4.
Identification of Koku Impact Compounds in Sweet Cream
(7) Reconstitution experiment For this reconstitution experiment, the following four samples were prepared: the reconstituted sample, the sample with added amounts of Fr. A and Fr. B, the base sample and the sweet cream with 40% fat. The sample with added amounts of Fr. A and Fr. B was prepared by adding Fr. A (26 mg) and B (4 mg) to the base sample. This sample is designated Sample I. The individual concentrations of the eleven compounds in Table 2 were calculated by multiplying the peak area % by the fraction weight. The reconstituted sample was prepared by adding the eleven compounds to the base sample and these concentrations in the sample were adjusted to the same concentration as the sweet cream. This sample is designated Sample II.
The following four attributes were applied to sensory evaluation: thickness, aftertaste, richness in milk-fat, and tex- (Woo and Lindsay, 1983 ), Nos. 6-7 (Wieser et al., 1984) , and Nos. 8-11 (Schlutt et al., 2007) . The unit of threshold of lactones was modified according to that of the reported data.
e Internal standard compound.
ture. These words were key elements of a structural equation model that was constructed from the words related to sweet cream Koku (Kobayashi et al., 2009) , and were considered important for simple and clear expression of Koku. On the basis of a standard score of denseness of 13 points in cream cheese (Meilgaard et al., 1999) , a preliminary evaluation of sweet cream was carried out by 6 assessors. The evaluation scores were as follows: thickness, 11.5; aftertaste, 12.5; richness in milk-fat, 10.7; and texture, 8.8. Based on these four scores, nine assessors rated the intensity of these attributes against the above-mentioned samples on a scale from 0 (none) to 15 (strong). The data was analyzed using an ANOVA (Meilgaard et al., 1999) with SPSS version 11.0J. The other evaluation conditions were the same as the conditions described in section 4.
(8) Addition test The compounds identified in the reconstitution experiment were classified into the following 3 groups: long-chain fatty acids, long-chain aliphatic δ-lactones, and cholesterol. The effects of the addition of each group of compounds were investigated using a triangle late (volatile) using SAFE. Lactones of dairy products are known to form quickly at approximately 160℃. This reaction has been described as an intramolecular reaction of hydroxy fatty acid glycerides (Alewijn et al., 2007) . The SAFE method used in this experiment has the advantage of providing distillation under the lowest possible temperature. It was thus expected that hydroxyl fatty acid glycerides included in the sweet cream are constrained to convert to the corresponding lactones. Engel et al. reported that the compounds with boiling points of 260℃ or higher have low recovery rates according to the original research in the development of SAFE (Engel et al., 1999) . Such compounds can be defined as semi-volatile compounds. Our GC analysis result also indicates that there are few semi-volatile compounds in the SAFE distillate. Additionally, the SAFE residue had few odors that were not similar to those of sweet cream.
The SAFE residue was further separated. Sample a, Sample b and the base sample in Table 1 were prepared by the use of resulting fractions and evaluated to confirm whether Koku of the sweet cream was derived from the SAFE distiltest with 17 assessors. Samples for evaluation were prepared by emulsification of the compounds, which were added to the base sample in each group at the concentrations listed in Table 2 . The other conditions for evaluation were the same as those described in section 7.
Gas chromatography (GC) For rapid analysis of the fractions, an Agilent Model 6850 gas chromatograph coupled to an flame ionization detector (Agilent Technologies, Santa Clara, CA) was used. The column was a 3.5 m × 0.25 mm i.d. DB-1 with a film thickness of 0.25 μm (Agilent Technologies). The oven temperature was programmed to increase from 150℃ to 320℃ at a rate of 20℃/min. The injector temperature was 350℃. The flow rate of the nitrogen carrier gas was 1 mL/min for 8.5 min, followed by 20 mL/min at a rate of 5 mL/min. An injection volume of 0.2 μL was applied using the split technique (the split ratio was 1:30). The detector conditions were as follows: detector temperature, 320℃; hydrogen flow, 30.0 mL/min; air flow, 400.0 mL/min; makeup flow, 25.0 mL/min; makeup gas type, nitrogen.
Gas chromatography-mass spectrometry (GC-MS)
For the identification of semi-volatiles, an Agilent Model 6890N gas chromatograph coupled to an Agilent Model 5973N series mass selective detector (MSD) was used. The column was a 60 m × 0.25 mm i.d. HP-5MS with a film thickness of 0.25 μm. The oven temperature was programmed to increase from 100℃ to 320℃ at a rate of 4℃/min. The injector temperature was 320℃. The flow rate of the helium carrier gas was 1 mL/min. An injection volume of 1.0 μL was applied using the split technique (the split ratios 1:30 and 1:100). The MSD conditions were as follows: capillary direct interface temperature, 220℃; ionization voltage, 70 eV (EI); mass range, 33 -550 amu; and ion source temperature, 320℃.
Identification of compounds Identification of longchain fatty acids, long-chain aliphatic δ-lactones, and cholesterol was based on the comparison of GC retention indices on the HP-5MS column (Agilent Technologies) and comparisons of mass spectral peaks with those of authentic standard compounds. The retention indices (R.I.) of Table 2 were calculated using an n-alkane ladder (C10 -C32). Long-chain fatty acid monoglycerides were tentatively identified by comparison of mass spectral peaks with those in the Wiley7 library. Other glycerides were estimated by comparing peak patterns of edible oils and their retention times.
Results and Discussion
Separation of Koku impact fractions from a sweet cream and sensory evaluation The fractionation procedure and the mass balance of the sweet cream are shown in Fig. 1 .
In the first step, the sweet cream was separated into the SAFE residue (semi-and non-volatile) and the SAFE distil- Table 1 . The sensory evaluation scores were statistically analyzed by using Scheffé's paired comparison. "Base" means the base sample as control sample. The horizontal axes in the graphs show the average hedonic scale. The lines on the scale show the significant differences. Koku intensity is indicated by arrowed line. Table 2 . Reconstitution experiment A reconstitution experiment was carried out to confirm that the 11 compounds listed in Table 2 contribute to Koku. The four samples (Sample I, Sample II, the base sample and the sweet cream with 40% fat) were prepared for sensory evaluation. Kobayashi et al. proposed keywords from the sensory structure regarding sweet cream Koku (Kobayashi et al., 2009) . The following four attributes, thickness, aftertaste, richness in milk-fat, and texture were used for the sensory evaluation. Sample I and Sample II had significantly higher scores in thickness, aftertaste, and richness in milk-fat than the base sample, and tended to approach the score of the sweet cream (Fig. 4) . The increase of the thickness score in Sample I and Sample II was interpreted as an increase in Koku, because the term Koku and thickness were closely related (Kobayashi et al., 2009) . Sample I and Sample II were found to have higher texture scores than that of the base sample. However, a significant difference was not observed. These results suggest that the addition of the eleven compounds or the Fr. A and B to the base sample tended to enhance the sweet cream Koku. Moreover, the addition effects for Sample I and Sample II did not exhibit significant differences. Therefore, these effects were estimated to be roughly equal. Consequently, it was shown that the sweet cream Koku was reproduced by the eleven compounds shown in Table 2 .
Addition test The triangle test was employed to test the late (volatile fraction) or from the Milk fat Fr. The sensory evaluation results showed that sample b had significantly stronger Koku than that of other two samples on the hedonic scale ( Fig. 2-1 ). The Koku sensation is caused by the lipid part of the cream and not by volatiles. Subsequently, using the acetonitrile extract and the acetonitrile insoluble part, Sample c and Sample d were prepared and evaluated. The sensory evaluation results showed that sample c has significantly stronger Koku than the other two samples (Fig. 2-2) . Moreover, the Low mol. wt Fr. and the High mol. wt Fr. were obtained from the acetonitrile extract using size exclusion chromatography. The Low mol. wt Fr. mainly contains compounds with a molecular weight of less than 300, and the High mol. wt Fr. predominately consists of triacylglycerides. The sensory evaluation results of Sample e, Sample f and the base sample showed that Sample e has significantly stronger Koku than the other two samples (Fig.  2-3 ). Therefore, it was suggested that the sensation of Koku in sweet cream is not caused by the triacylglycerides that are the main component of milk fat.
For the purpose of this detailed investigation, the Low mol. wt Fr. was fractionated into five fractions, Fr. A to Fr. E with silica gel chromatography. All fractions were presented for sensory evaluation. The sensory evaluation result indicates that the addition of Fr. A or B significantly affects Koku relative to the other samples (Fig. 3) . From the GC-MS analysis, it was found that Fr. A includes even-numbered long-chain fatty acids (C10 -C18); Fr. B includes cholesterol and even-numbered long-chain aliphatic δ-lactones (C12 -C16); Fr. C includes acylglycerides; and Fr. D includes longchain fatty acid monoglycerides (C10 -C16). No peaks were Table 2 . The evaluated scores are expressed as the mean plus standard error (n = 9). Different letters indicate the existence of significant differences (p < 0.05). Letter "c" indicates the tendency of difference (p = 0.05). Score reconstitution experiment suggests that the mixture of long chain aliphatic compounds, which were also below the threshold, contribute to the Koku of sweet cream. These observations indicate that the sweet cream Koku may be reproduced not only by a single component above the threshold but also by synergistic or additive effects of multiple longchain aliphatic components that are below threshold levels. According to the results of various investigations into the eating-behavior, neuroscience and metabolite determination of lipids in rodents, long-chain fatty acids were reported to play an important role in the preference of rodents for fat (Fushiki, 2007) . Additionally, Fushiki pointed out the possibility that humans have the ability to taste fatty acids in food, and proposed that such tastes would not be regarded as belonging to the category of classical basic tastes (Fushiki, 2007) . This study suggests that long-chain fatty acids contribute to the preference for fat not only in rodents but also in following three groups: the fatty acid group (Nos. 1 -7 in Table 2 ), the lactones group (8 -10), and cholesterol (11).
The results of the test are shown in Table 3 . Significant differences were identified between the long-chain fatty acidsadded sample and the base sample, and between the longchain aliphatic δ-lactones-added sample and the base sample. There was no significant difference between the cholesteroladded sample and the base sample. The addition test revealed that the long-chain fatty acids and long-chain aliphatic δ-lactones had pronounced effects on the Koku.
Conclusions
Schlutt et al. reported that creaminess was reproduced only after the addition of δ-tetradecalactone to sweet cream exceeded a certain threshold value (Schlutt et al., 2007) . Table 2 indicates that individual long-chain aliphatic compounds in the fractions are below the threshold level. Our The evaluated scores are expressed as the mean plus standard error (n = 9). Asterisks in the graph indicate significant differences (Tukey's HSD test): *, p < 0.05; **, p < 0.01; ***, p < 0.001. Four attributes: thickness, richness in milk-fat, aftertaste, and texture were the key words used to develop the sensory structure of Koku for sweet cream (Kobayashi et al. 2009 ). (Meilgaard et al. 1999) . b Compound Nos. 1 -7 in Table 2. c Compound Nos. 8 -10 in Table 2 . d Not significant.
